Laboratory-scale landfills (simulated landfills) were designed to determine the formaldehyde released into air and leachate from medium density fiberboard (MDF). Simulated landfills were constructed using cylindrical plastic containers containing alternating layers of soil and MDF for a total of five layers. The highest concentration of formaldehyde was found in the air and leachate from the MDF only treatment compared to treatments containing MDF and soil. At the end of the study (28 days), formaldehyde concentrations in air and leachate from treatments containing MDF and soil decreased by 70 percent and 99 percent, respectively, while the treatment containing MDF only still released formaldehyde into the air and leachate. Therefore, waste MDF after storing 4 weeks in water may be recycled as compost or mulch based on formaldehyde leaching. Also, these data indicate soil restricts formaldehyde release into air and leachate and provides new information about the fate of wood-based composite waste containing UF resin disposed in landfills.
INTRODUCTION
Reclamation, which means recycling and resource recovery, has been a biggest assignment for mankind due to the exhaustion of natural resources. Wood products are one of the candidates of recycling. The wood products industry was developed to meet the building needs of humans and has grown worldwide (Youngquist et al. 1996) . Wood composites were developed mostly during the past 40 years to meet the needs of the forest products industry and now are a viable option (Thomas et al. 2008) . In 1996, several million tons of wood composites were manufactured annually in USA (Maloney 1996) . Wood composites are defined as wood that has been bonded and compressed with an adhesive and include products such as: medium density fiberboard (MDF), particleboard (PB), oriented strand board (OSB), plywood, and Composite wood products are susceptible to decay by microorganisms (Chung et al. 1999) . UF resins can be degraded by bacteria into urea, formaldehyde, ammonia, and carbon dioxide (Jahns et al. 1998) .
Therefore, most wood waste containing formaldehydebased resins is disposed in landfills or burned (US EPA 2005) . On the other hands, famers used sawdust as mulch to improve soil condition and prevent erosion (EPA 2011). However, MDF sawdust is currently not being used in agriculture due to the lack of understanding of the environmental fate of formaldehyde resins from MDF, even though a previous study found that formaldehyde was not detected in mulch made from MDF sawdust (EPA 2011).
Unfortunately, disposing of wood-based composite wastes in landfill requires to consume valuable land space and economical cost, and to prevent contamination from wood waste. Specifically, the rule of California does not allow, therefore, disposal of wood composites containing formaldehyde-based resins because of environmental concerns (No. 27 CA code of regulation). Wood waste containing UF resins may be a source of formaldehyde emission by the release of free formaldehyde or degradation of the UF resin in wood waste although formaldehyde can be efficiently reduced by anaerobic microorganisms (Lu and Hegemann 1998) . No regulations exist for formaldehyde emission from wood waste containing UF resin buried in landfills and yet the formaldehyde released into air or leachate after disposal of the wood wastes in landfills is not known.
Formaldehyde, a flammable, colorless, highly reactive gas at standard temperature and pressure, is 
MATERIAL and METHODS

Materials
MDF (100 cm × 100 cm × 1.27 cm) used in this Louis, MO).
Simulated Landfill Design
Simulated landfills were constructed in plastic containers (15.24 cm diameter, 22.86 cm high) and alternating layers of soil (total 870 g) and MDF
(total 120 g, ground or cut pieces) for a total of five layers ( Fig. 1) . Each layer was distinctively separated but contacted each other. Two sizes of plastic screen (10 and 5 mm thick, respectively) and nonwoven fabric were placed successively on the bottom of each container and non-woven fabric was placed on top layer of soil. One hole (5 mm diameter) was drilled on the bottom side of the containers for leachate collection and two holes (5 mm diameter)
were drilled on the top of each plastic lid for air sampling. Plastic tubing containing a cut off valve was attached through each hole with glue for air sampling and leachate collection. All containers were stored without lid in an incubator at 34℃.
Air Sampling
At the sampling time, containers were closed with lids and then air in the headspace of each container was collected before adding water on days 0, 7, 14, 21 and 28 as described in Fig 
Leachate Sampling
After air sampling, deionized water (750 mℓ ) was (Fig. 2a) .
Determination of Formaldehyde in Air and Leachate
Formaldehyde was analyzed according to the U. 
S. Environmental Protection
RESULTS and DISCUSSIONS
All opened containers were stored in an incubator set at 34℃ which represents an average summer temperature in the southern USA. Therefore, our data 
Formaldehyde Emission in Air
Formaldehyde in Leachates
The formaldehyde-DNPH derivative and un-reacted DNPH were detected at retention times of 4 and 2.5 minutes, respectively (Fig. 2b) . Other aldehyde-DNPH derivatives were also detected on the chromatogram.
On day 1, the leachate from MDF only was highest in formaldehyde compared to MDF in soil (treatments 1 and 2) while the soil only contained the lowest amount of formaldehyde in the leachate (Fig. 3) . 
CONCLUSION
In the treatments containing MDF and soil, the formaldehyde released into the air and leachate de- 
